Heat stretching treatment (HST) to side-by-side bicomponent meltblown webs has been carried out on the Stretch Consolidation Pilot Line at the UTK-TANDEC Demonstration Laboratory, to examine the influence of HST on the web structure and properties. The results showed that the fibers aligned preferentially along machine direction after the treatment. Changes in the web structure and properties were studied, including basis weight, thickness, air permeability, tensile strength, bending stiffness, as well as extension recovery (%) from the strain of 50% elongation-to-break, etc. No fiber splitting was observed, which indicated that HST did not result in fiber splitting in the bicomponent meltblown webs as desired.
Introduction
Meltblown nonwoven fabrics with finer fibers are desirable mainly for the application in filtration industry (air and liquid) and other applications including oil sorbents, battery insulators, wipes with hydrophilic additives, drapes & gowns, industrial & nuclear protective apparel, and hygiene etc. Stretchable meltblown webs are desirable in the application fields such as facemasks, diapers and other items designed to seal, since the elastic property impart the webs with softness and comfortability. They have the enhanced properties as filters since the heat stretching process can reduce pore size distributions to improve the filtration efficiency.
Finer fiber production can be made in several different ways: (1) production directly from fiber spinning by decreasing the melt throughput or orifice size; (2) dissolving one component of the two components in the bicomponent fibers and (3) fiber splitting.
Many technologies have been tried to achieve fiber splitting in traditional melt spinning industry and bicomponent nonwoven industry, such as hydroentanglement, alkaline or acid treatment, and so on. The two components of the bicomponent fibers are usually incompatible chemically or physically, such as in chemical structure or heat shrinkage/stretchability/elasticity, etc.
Heat stretching treatment (HST), as one of the ways to produce stretchable nonwoven fabrics, might become a new avenue to produce finer bicomponent meltblown fibers, if the heat stretching ratio, temperature or web structure and properties are designed properly, based on the difference in thermal property between the two components in bicomponent fibers, since all the bicomponent fibers have the potential possibility of splitting if the two components are of significant difference chemically or physically, such as heat shrinkage, rheological, thermal difference and structural incompatibility. The greater the difference between the two components, the weaker usually the interfacial affinity is, and the easier the fiber may be split into two individual filaments.
In a HST process [1] [2] , a web enters a heating zone at one speed, and exits at a higher speed. When the web is heated, the machine direction (MD) drawing force applied by the winder collapses the web in the cross direction (CD) dimension. Under MD tension, all filament elements tend to be aligned in the MD causing CD filaments to buckle in the CD and thus the collapse of the width of the web. The macro level collapse resembles the microscopic neck down event that occurs in ductile filaments during tensile deformation. The collapsed web also experiences changes in the basis weight compared to the starting web. All alterations to the web width, length, structure, softness, basis weight, etc., occur as plastic deformations while heated, thus they are permanent and define the final properties of the web.
Research Objective
HST has the pentential for fiber splitting in side-by-side bicomponent meltblown nonwoven webs as it endows stretchability or elasticity to the fabrics. The goal of this study is to examine (1) if heat stretching can result in fiber splitting in the bicomponent meltblown webs, and (2) the effects of HST on web structure and properties, especially stretchability and elasticity
Experiments
The bicomponent meltblown samples for HST were produced at TANDEC, the University of Tennessee, on the bicoline from Reifenhäuser in Germany. The HSTs were made at 250 O C and 270 O C separately on the Stretch Consolidation Pilot Line at the UTK-TANDEC Demonstration Laboratory. The increasing heat stretching ratios were used until the webs broke. The conditions for the sample production are listed in Table 1 which also gives sample IDs and description.
The changes in fiber diameter, basis weight, web thickness, air permeability, tensile strength and bending stiffness of the side-by-side bicomponent meltblown webs were examined before and after the HST, according to the corresponding ASTM standards. In addition, the SEM photos were used to compare the change in web structure and to examine the phenomenon of fiber splitting.
Results and Data Analyses
The results of the web properties before and after HSTs are shown in Figures 1 to 13. (Note: the data for control sample (before HSTs) are shown at heat stretching ratio of 1.0 as the orange color line indicates in the figures.).
Changes in fiber diameter after HST ( Figure 1 )
The diameters from Samples 1 to 3 did not change significantly, compared to the diameter deviation although it seemed that the fiber diameter of sample 3 decreased a little after HST. The decrease in fiber diameter after treatment was expected for all the samples, but it did not show up obviously as expected. This was possibly because of the isotropic feature of meltblown webs; the fibers were not stretched greatly before breakage. In addition, the deviation in fiber diameter for meltblown nonwoven web is great enough to hide the decreasing change after HST, even if any fiber diameter decreasing occurred during the HST.
Changes in web thickness after HST (Figure 2)
During the heat stretching of the webs, the fibers align along machine direction of the web, therefore two controversial changing trends in the web structure will influence on the change in thickness with the increase in heat stretching ratio: the webs will be stretched along MD meanwhile shrink along CD. If the elongation along MD dominates the web thickness will decrease as a result; if the shrinkage along CD dominates the web thickness will increase.
For sample 1 (25PA/75PE), the thickness increased after heat stretching and kept increasing with the increase in heat stretching ratio, which indicates that the web was stretched all the way until breakage. The web could achieve a greater thickness at lower temperature (250 O C) compared to the thickness achieved at higher temperature (270 O C), which indicates that the web shrinkage dominated when being stretched at lower temperature, however, the web elongation dominated when being stretched at higher temperature. Therefore, the thickness decreased generally when stretched at 270∞C, but C. The thickness of the web decreased first during the treatment with the increase of stretching ratio; but it turned into increasing with the continuous increase of the stretching ratio, indicating that the web elongation dominated during the low draw ratio process, but the web shrinkage dominated as the draw ratio increased beyond a certain value. The web thickness decreased overall after heat stretching at the both temperatures.
Changes in basis weight after HST (Figure 3) Web structure, including web thickness, web uniformity, fiber orientation, etc, has important influence on the basis weight of nonwoven web. For sample 1, basis weight increased first then decreased before web breaking, indicating the web turned thicker first but became thinner right before breaking when stretched at 250 Changes in air permeability after HST (Figure 4) The air permeability of all the samples decreased after HST. It decreased with the increase in heat stretching ratio, with an exception of sample 3 (at 270 O C), which indicated a thicker web before web breakage. No matter the web thickness increased or decreased after the heat stretching, the air permeability consistently decreased with the increase in stretching ratio, which might be due to the porosity decrease by the closer and more MD aligned fibers after the treatment.
Changes in bending stiffness after HST (Figures 5, 6)
The bending stiffness is directly proportional to basis weight and bending length, which are related to the web structure and fiber structure. No consistent trend was observed in the change of MD bending stiffness with the increase in heat stretching ratio for all samples. However, the MD bending stiffness of all the samples exhibited the same trend or similar trend with their changing trend in basis weight with stretching ratio at both temperatures. The results of CD bending stiffness of all the samples showed the similar trend after HST (Figure 6 ). The CD bending stiffness decreased dramatically after the treatment for all the samples, but the valves did not change greatly with the stretching ratio. Before the treatment, the meltblown webs exhibited nearly isotropic structure; after the treatment, the fibers in the web dominantly aligned along machine direction, therefore the web properties exhibited anisotropic as well. As a general rule, the more the fibers align along a certain direction of the web, the more strength of the web along this direction, because more fibers can bear higher peak load at the same time; meanwhile, the strength in the other direction will decrease. However, the increase in strength usually results in the adverse change in breaking elongation of the web. The elongational properties of the web were influenced by the temperature of heat stretching, as well as the stretching ratio.
The MD peak load increased for all the three samples after HST, with the peak load increasing with the increase of heat stretching ratio; and the CD peak load decreased for all the three samples, with the peak load decreasing with the heat stretching ratio. But an exception occurred for Sample 3 stretched at 250 O C. In fact, the breakage of Sample 3 occurred after the heat stretching ratio increased beyond 1.5. It could hardly bear higher heat stretching ratio in HST at 250 O C during this treatment, at a lower temperature.
Changes in breaking elongation after HST (Figures 9, 10) The MD elongation of sample 1 and sample 2 decreased after HST, with the elongation decreasing with the increase of heat stretching ratio. It was because the fibers were aligned more along the machine direction after the heat-stretching treatment, therefore the web strength increased and the elongation at break decreased. But, an opposite trend occurred to Sample 3, stretched at both 250 O C and 270 O C. The MD elongation at break of Sample 3 increased slightly after HST, though the increasing trend with the increase of stretching ratio is not significant as shown in Figure 9 . The changes of CD elongation at break by HST were consistent, which notably increased after the treatment (Figure 10 ).
Changes in tenacity after HST (Figures 11, 12) After HST, the tenacity in both MD and CD directions overall increased, but the MD tenacity increased with the increase of heat stretching ratio due to more fibers aligned along the machine direction. It was interesting to find that CD tenacity increased first with the heat stretching ratio, then decreased as the stretching ratio continued increasing. The increase of CD AFTER HST tenacity after treatment might be attributed to higher molecular orientated fibers after the treatment.
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Changes in elasticity after HST ( Figure 13 ) Since no standard method is available for the measurement of elastic recovery of such nonwoven fabrics, the recovery measurement from the stain of 50% elongation at break of the web was designed based on the following procedures: (1) calculate the extension needed for the strain of 50% elongation at break for each sample; (2) set the gage length of the specimen at 3 in., and the tensile speed at 12 mm/min; (3) stop the crosshead and let it go back to the original gage length position once the extension of 50% elongation at break is reached; (4) immediately measure the length of the sample from the tensile testing machine, so the instant recovery value is obtained. Remeasure the length of the sample after 3 min. of natural relaxation. Record these two data for each specimen. (5) three specimens are measured and averaged for each sample.
Only sample 3 (25PA/75PP) stretched at 270∞C was selected for the investigation of the elastic recovery ability of the webs treated with heat-stretching and was compared to the recovery data before the HST. Since the breaking elongation of this sample before HST was only 2.56%, therefore its recovery (%) from the 50% strain of its breaking elongation was as high as 90.6%, due to the elongation of 1.28% was still in the region of its elastic deformation limit. Therefore, for this sample, the recovery (%) from its 50% strain of breaking elongation before the HST was greater than those after the treatment. But this did not mean that the sample was stretchable before the treatment, because it only could be stretched to 2.56% before breakage; but after the treatment, it could be stretched to around 150% before breakage at 270 O C. After the treatment, both the curves of instant recovery, and the recovery at 3 min., from the strain of 50% breaking elongation were observed to exhibit a "W" shape, with the increase in heat stretching ratio, with the recovery at 3 min. being greater than the instant recovery. The recovery percentages for both the instant recovery and the recovery at 3 min. ranges from about 82.5% to 91.0%, which demonstrated that the heat stretched bicomponent meltblown web may be applied as elastic material for some applications, such as diapers. Compared to the sample before the treatment, both the instant recovery and the recovery at 3 min were the same, since the web was brittle, of little Changes in web structure after HST Figures 14-17 are four SEM images which shows the web and fiber structure before and after HST. It was found that the fibers dominantly arranged along machine direction after the treatment, however, no fiber splitting was detected.

Conclusions
The changes of web structure and properties by HST resulted from the permanently thermoplastic deformation under the effect of heat stretching. The following conclusions have been drawn from this study:
1. The thickness and basis weight generally increased as a result of web shrinkage after the heat stretching, but they may turned to decrease as the heat stretching ratio keeps increasing until the web breaks.
2. The air permeability overall decreased since the web was thicker after the stretching treatment.
3. The bending stiffness increased in MD but decreased in CD since more fibers were aligned along MD direction.
4. Fiber diameter did not show significant change and no fiber splitting was detected by HST.
5. The meltblown webs gained elasticity after the HST process. The elastic recovery (%) from the strain of 50% breaking elongation ranges from about 82.5% to 91.0%.
6. The tensile properties changed significantly after HST. The overall tensile strength along MD was enhanced, but the elongation at break decreased. Interestingly, both of these two tensile properties can increase in CD Return to Table of Contents 
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